Background: Increasing incidence of head and neck cancer (HNC) in young adults has been reported. We aimed to compare the role of major risk factors and family history of cancer in HNC in young adults and older patients. Methods: We pooled data from 25 case-control studies and conducted separate analyses for adults 45 years old ('young adults', 2010 cases and 4042 controls) and >45 years old ('older adults', 17 700 cases and 22 704 controls). Using logistic regression with studies treated as random effects, we estimated adjusted odds ratios (ORs) and 95% confidence intervals (CIs). Results: The young group of cases had a higher proportion of oral tongue cancer (16.0% in women; 11.0% in men) and unspecified oral cavity / oropharynx cancer (16.2%; 11.1%) and a lower proportion of larynx cancer (12.1%; 16.6%) than older adult cases. The proportions of never smokers or never drinkers among female cases were higher than among male cases
Introduction
Approximately 550 000 new cases of head and neck cancer (HNC) are diagnosed worldwide annually. 1 Furthermore, an increasing incidence of head and neck neoplasms among young adults (YA) has been reported; 2 in particular, reports indicate an increase in tumours affecting the tongue and oropharynx among YA in India, 3 Europe, 4 the USA 5 and China. 6 The aetiology of HNC in YA is still unclear. Some authors proposed that HNC in YA might be a distinct subset more related to genetic predisposition, or HPV infection, than HNC in older adults 7 because younger adults would have a reduced length of exposure to major carcinogenic factors, 8 mainly tobacco and alcohol consumption and a poor diet. Conversely, association studies specifically assessing YA have found non-negligible associations between these risk factors and HNC. 9, 10 As these studies generally did not assess associations for older adults, it has not been possible to know whether the risks of HNC associated with its major risk factors are consistent across age groups. Because YA represent a minority of HNC, studies that examined risk factors in this group comprised limited samples, which leads to imprecise results and does not allow for stratification by cancer subsites or sex. In addition, studies on HNC defined YA according to different age-group criteria, i.e. arbitrary age cut-off points ranging from 30 11 to 50 years, 10 thus leading to limited comparability of results.
The use of pooled data from a large number of casecontrol studies would provide increased statistical power for the analysis of lifestyle characteristics and family history of cancer associated with HNC in YA, thus allowing a rigorous assessment of the hypothesis that HNC in YA constitutes an aetiologically distinct subset. The International Head and Neck Cancer Epidemiology (INHANCE) Consortium [http://inhance.iarc.fr/] database provides a unique opportunity to investigate the aetiology of HNC in YA.
Methods

Study population characteristics
The INHANCE consortium was established in 2004 to elucidate the aetiology of HNC by providing opportunities for pooled analyses of risk factors on a large number of participants. This consortium pools epidemiological studies, mainly of case-control design, from many countries and regions (Europe, North and South America, Asia and Africa)-including studies from high-, medium-and low-income countries. 12 . Most of these were hospital-based casecontrol studies, and in the majority of these studies, the control subjects were matched to cases with regard to age, sex and additional characteristics (such as study centre, hospital and race/ethnicity).
Cases were included in this analysis if the tumours had been classified in the original study as invasive HNC according to the International Classification of Diseases (ICD) Oncology, Version 2 39 (ICD-O-2), the ICD-9 40 or the ICD- Our analysis included all histological types included in the ICD codes considered in the study. For the Milan and Aviano Italian multicentre studies and four centres in the International Multicentre study (Bangalore, Madras, Sudan and Trivandrum), no information on case histology was available. Of the 1570 young head and neck cancer cases for whom histological information was available, 88.2% of the female cases and 94.5% of the male cases were squamous cell carcinoma, whereas among the older cases, these proportions were 94.0% and 97.1%, respectively.
Data collection and pooling
For all studies, interviews were conducted face to face by trained interviewers. Written informed consent was obtained from the study subjects, and the investigations were approved by the institutional review boards at each of the institutions involved. Questionnaires were collected from all of the individual studies to assess data comparability and the wording of interview questions. The data from individual studies were received with the personal identifiers removed, and each data item was checked for illogical or missing values. Queries were sent to investigators, and inconsistencies were resolved.
The definition of ever or never cigarette smokers and ever or never drinkers used in this study has been previously described in detail. 42 Although questions regarding history of cigarette smoking varied across studies, never users of cigarettes, pipes and cigars did not exceed either 1 year of cigarette smoking or 100 cigarettes in a lifetime or ever smoked 'regularly'. Pack-years of cigarette smoking were calculated by multiplying the number of packs (defined as 20 cigarettes) per day by the number of years of smoking.
Subjects were asked about the duration, frequency and type of alcoholic beverages consumed (beer, wine, hard liquors and aperitifs). The definition of never drinkers also varied throughout the studies, from 0 drinks in a lifetime to <4 drinks per month. To address the different volume specifications for each type of alcoholic beverage by study, the number of drinks per day was calculated as the frequency of consumption of each alcoholic beverage type weighted by the relevant duration.
The assessment of diet has been described in detail previously. 43 The data were collected using food frequency questionnaires that obtained information about diet before sick (Milan, Aviano, France, IARC multicentre studies), 10 years prior to interview (Seattle study), 5 years prior to interview (Boston study), 2 years prior to interview (Italy multicentre and Switzerland studies), 1 year prior to interview (North Carolina, Rome, US multicentre and Western Europe studies), within the 3 years before the interview (Puerto Rico study), before having cancer (Los Angeles and MSKCC studies), between 1980 and 1990 (Heidelberg study) and the diet in the diagnosis (Central Europe study). Briefly, four major food categories were examined: vegetables, fruits, animal products and others (cereals and grains). Several food items and sub-food categories were identified within each major food category. Centre-specific quartiles were used among the controls for food groups. Of the 25 studies included, 21 collected data on diet. In the Boston and Seattle study, data on diet were available only for a subset of the subjects and those with no data were not included in the analysis. The definition of 'family member with cancer' was described previously. 44 Four categories of cancers in the family were considered: (i) head and neck cancers, including only cancers with the previously described topography;
(ii) other tobacco-related cancers [i.e. lung (C34), nasopharynx (C11), nasal cavity (C30), paranasal sinuses (C31), oesophagus (C15), stomach (C16), pancreas (C25), liver (C22), kidney (body and pelvis, C64), urinary bladder (C67), uterine cervix (C53) and bone marrow (myeloid leukaemia, C92)]; (iii) any cancer in relatives of any age; (iv) any cancer in young relatives.
Statistical analysis
The associations between cigarette smoking, alcohol consumption, diet, cancer in family members and HNC were assessed by estimating the odds ratios (ORs) and 95% confidence intervals (95% CIs) using mixed effects logistic regression models, with study centres as random intercepts. Respective ORs were calculated for each age group [ 45 years old (yo) and >45 yo] and sex with adjustments for age, study, education, cigarette smoking (pack-years) and alcohol consumption (drinks/day). Multivariate adjusted models were further stratified according to cancer site (oral cavity, oropharynx and larynx) and smoking status (never smokers and ever smokers). The limited number of hypopharynx cancer cases (n ¼ 108) in YA 45 yo did not allow stratification for that subsite. Linear trends in frequency, duration and cumulative use of tobacco or alcohol and frequency of food intake were assessed by p-values obtained from modelling the continuous forms of these variables.
To test for differences in results according to age group, we fitted models including subjects in both age groups with adjustment for age, study, education, cigarette smoking (pack-years) and alcohol consumption (drinks/day), plus an interaction term between age group and each variable of interest. p-Values for the interaction term were calculated using likelihood ratio tests and used as suggestive of differences or similarities in results according to age group
The fraction (AF) of cases with HNC attributable to cigarette smoking, alcohol drinking and family history of cancer was estimated using the formula AF ¼ p(ec) Â (OR À 1)/OR, where p(ec) is the proportion exposed among the case subjects. 45 An influence analysis was performed by testing for variation in estimates according to the strata defined by data collection period and geographical region of study. We also performed analyses to determine whether any individual study's data unduly influenced the results. Influence analyses were performed using STATA SE11 using xtmelogit command.
We tested for between-study and between-study centre heterogeneity by conducting a likelihood ratio test comparing a multivariate logistic model, not mixedeffects models, including the interaction terms between each study (other than the reference study) with the variable of interest and a model without the product terms, for the risk of HNC.
Results
Among cases, 10.7% were 45 yo. Compared with the >45 yo group, YA with HNC had a higher proportion of oral tongue cancer (16.0% in women and 11.0% in men) and unspecified oral cavity/oropharynx cancer (16.2% in women and 11.1% in men) and a lower proportion of larynx cancer (12.1% in women and 16.6% in men). With the exception of young female controls, higher proportions of never smokers and never drinkers were observed in young individuals as compared with the older subjects. A higher proportion of individuals with a higher education (Table 1) was found in YA cases and controls of both sexes when compared with the older group. Furthermore, across all of the age groups, the proportions of cases with oral tongue cancer, never smokers or never drinkers were higher among women than among men.
The association with ever-smoking in YA was lower than in older subjects ( Table 2, Supplementary Table 2 available as Supplementary data at IJE online). This difference remained in the analysis stratified by cancer sub site (Table 3) , which also revealed substantially higher associations for larynx cancer in all age groups when compared with estimates for other subsites. The attributable fraction for cigarette smoking on the risk of HNC was 19.9% (95% CI ¼ 9.8%, 27.9%) in young women, 48.9% (46.6%, 50.8%) in older women, 46.2% (38.5%, 52.5%) in young men and 64.3% (62.2%, 66.4%) in older men. In all age groups and sexes, the risk of HNC was directly associated with increasing duration, frequency or cumulative exposure to cigarette smoking, with a dose-response effect observed in cumulative cigarette consumption. ORs for both duration and cumulative strata of smoking were similar across age groups among men. Among women, lower ORs were found for smoking frequency in YA compared with the older group. Across all age groups, higher Ors were found for men than for women ( Table 2,  Supplementary Table 2 available as Supplementary data at IJE online). 
<0.001
Tobacco The association with ever drinking in YA was weaker than in the older group. However, risks according to strata of frequency, duration and cumulative consumption were similar across age groups, with the exception of the highest category of frequency of intake (!5 drinks/day), which showed stronger associations in older than in young individuals (Table 4, Supplementary Table 3 available as Supplementary data at IJE online). Associations with alcohol 
Frequency (drinks/day) intake remained in the specific assessment of ever smokers, whereas in never smokers associations were observed only among older men (Supplementary Table 4, Supplementary  Table 5 , available as Supplementary data at IJE online). With respect to the duration of alcohol intake, differences by sex were observed: duration was not associated with HNC risk in young women, whereas direct associations were observed among young men, older women and older men ( The analysis that included all HNC cases and controls indicated that the frequency of drinking, rather than the duration, played a more important role in HNC development. Considering this finding, we used stratified analyses to assess the role of drinking status (ever/never drinker) and the frequency of alcohol intake by cancer subsite (Table 5) . Positive associations were comparable for alcohol consumption across age groups in all cancer subsites. In addition, Ors for alcohol consumption were higher for oropharynx than for cancers of other subsites.
The frequency of fruit and vegetable intake was inversely associated with HNC risk in both age groups (Table 6,  Supplementary Table 6 available as Supplementary data at IJE online). This inverse association remained in the stratified analysis by sex, cancer subsite and smoking status (Supplementary Table 7, Supplementary Table 8, available as Supplementary data at IJE online). No association was observed between meat and cereal consumption and HNC risk in YA (Table 6 ). Conversely, positive associations were found for the highest quartile of intake of meat products in older men and the highest quartile of intake of cereals in women.
Family history of any cancer was directly associated with HNC only among the older group (Table 5, Supplementary  Table 9 available as Supplementary data at IJE online). Borderline associations were found for family history of smoking-related cancers in the >45 age group, in which a family history of HNC was also positively associated with HNC risk. A family history of early-onset cancer was associated with HNC risk only in YA (Table 7) . Among YA never smokers, a family history of any cancer was inversely associated with HNC whereas in YA ever smokers, a positive association was found. The attributable fraction for family history of early-onset cancer on the risk of HNC was 23.2% (95% CI ¼ 8.6%, 31.4%) in young and 2.2% (À2.41%, 5.8%) in older adults.
Between-study heterogeneity was detected. ORs for tobacco, alcohol, diet and family history of cancer were similar in sensitivity analysis when excluding one study at time (results not shown) or according to the recruitment period of study (studies conducted before 2000 vs studies conducted after 2000). In addition, when cases with missing information on histology were excluded, the results did not significantly change (results not shown). As an exception, estimates for cigarette smoking (ever vs never smokers) in older women and men were higher in earlier studies when compared with later studies (results not shown). The geographical region of study also partially explained the effects of cigarette smoking and alcohol drinking. The risks for ever vs never cigarette smokers, as well as for ever vs never alcohol drinkers, were higher in Europe and Latin America in comparison with North America and Asia in both age groups and sexes (results not shown). Estimates for family history of cancer on HNC risk were higher in Latin America in comparison with North America and Europe. Conversely, inverse associations for family history of cancer and HNC risk were found among the young in Asia (results not shown).
Discussion
To our knowledge, this is the largest study evaluating the role of the major risk factors for HNC in YA (persons aged 45 years or less) as well as to compare risks in YA and older patients. The large sample size allowed us to elucidate any differences in the role of risk factors in HNC in YA according to age group, sex and cancer subsites. Our results supported the differences in the characteristics of cases aged 45 years or younger compared with those aged >45 years: YA comprised a lower proportion of drinkers and/or smokers and were more likely to have been diagnosed with oral and/ or oropharynx cancer, as previously reported. Moreover, a higher proportion of oral tongue cancer was observed in YA compared with the older cases, as well as in women compared with men in all age groups. In addition, we found evidence that the importance of cigarette smoking in relation to HNC in YA may be limited by the lesser duration of exposure due to young age. We also found evidence that alcohol consumption is a risk factor for HNC in YA; however, a more intense association with heavy drinking was observed for the older group. Our results also indicate that the inverse association with fruit and vegetable intake is similar among young and older populations. Furthermore, aggregation of early malignancy diagnosis in the family was associated with HNC risk only among YA.
The characteristics of YA with HNC in terms of exposure to risk factors and cancer subsites are consistent with those described in previous studies performed in the USA, 46 ,47 the UK, 48 Italy, 9 Sri Lanka, 49 Brazil 50,51 and India. 52 All of these studies reported a higher percentage of women, never smokers, never drinkers and oral cavity cancer among YA with HNC compared with studies that included patients of all age groups. We also found a higher proportion of oral cavity cancer (especially oral tongue cancer) among the young cases and this proportion was higher among women. This finding agrees with those of previous studies which reported increasing rates for oral cavity tumours (especially oral tongue cancer) in individuals younger than 40 years of age in India, 3 Europe, 4 the USA 5,53 and China. 6 Association studies on HNC risk factors among YA have been performed in several countries 9, 10, 49, 50, [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] . Most of the studies only included young patients with oral [49] [50] [51] [57] [58] [59] [60] [61] 63, 64 and pharyngeal cancers, 9,65 whereas some other studies included only laryngeal cancer patients 68 and some included all HNC subsites. The risk of HNC associated with the cumulative consumption of tobacco in YA found in the present study is in agreement with previous studies conducted in Europe. 2, 9, 10 No differences by age were observed with the strata of duration and cumulative consumption of cigarettes, thus supporting the hypothesis that the carcinogenic effect of cigarette smoking does not depend on age if the level of exposure is the same among young and older individuals. In addition, the weaker associations for ever smoking observed in YA as compared with the older group support the hypothesis that the relationship between cigarette smoking and head and neck carcinogenesis in YA may be limited by a reduced length of exposure due to young age. 8, 64 Thus, this observation would indicate a more important role of other, unknown risk factors for HNC in YA. 8, 57 Consistent with this hypothesis are also the lower attributable fractions found for tobacco in YA in comparison with the older group. Frequent alcohol consumption was associated with HNC in young subjects and this finding has been reported by other investigators.
9,10,64 Kmietowicz 70 suggested that the increasing incidence of mouth cancer among young British subjects may be linked to a modified alcohol consumption pattern of higher frequency of alcohol consumption at very young ages. Although our data did not allow the assessment of 'binge' drinking, which is an alcohol intake pattern that has been associated with other lifestyle-associated cancers, 71 our findings regarding the frequency of alcohol intake suggest the impact of factors other than alcohol consumption on early head and neck carcinogenesis, as the associations with ever drinking were lower in YA than in the older group. Furthermore, drinking status in ever smokers presented a higher HNC risk in every age stratum, which supports the hypothesis that alcohol intake increases the carcinogenic effect of cigarette smoking in all age groups. 72 Consistent with other studies, our results suggest that a high frequency of fruit and vegetable consumption is associated with a reduced risk of HNC in YA. Previous studies also found associations between a diet rich in fruits and vegetables and a reduced risk of HNC in all ages, 43 particularly in YA. 9, 10, 64, 73 In contrast to the weaker relationship between tobacco or alcohol and HNC risk at young ages than older ages, the inverse association with fruit and vegetable consumption did not seem to be influenced by the length of exposure; the same observation was reported by Llewellyn et al.
64
In our study, 20% of young cases had at least one family member with a history of any cancer. Although this proportion is similar to that observed in a previous study in Canada, which included only patients under 41 years of age, 62 other studies found higher proportions, such as 66%
for cases under 46 years of age in England 48 and 55% for 44 in a study including all age groups (that also used data from the INHANCE Consortium to assess the role of family history of cancer), family history of any cancer at any age was associated with HNC in individuals aged >45 years. However, no association was observed among individuals aged 45 years, which contrasts with the results of other studies that specifically assessed young patients. 50, 54 Caution is needed when interpreting this result, as the probability of having a family member with cancer may be higher for older than for young people. Older people are more likely to have older relatives, and since cancer risk generally increases with age, the chances of having a relative with cancer would be higher for older persons. In contrast, direct associations with family history of cancer in YA were observed in ever smokers, whereas the association was inverse in never smokers. Further studies are needed to explain whether these results may be driven by a possible familial aggregation of risk factors or by some gene-environment interaction.
A novel finding of our study is the association between the aggregation of early-onset family history of cancer and HNC risk in YA. Similar results have been reported for lung cancer, 74, 75 but the biological mechanisms that explain this association are still unclear. In addition, caution is needed in interpreting this result because only four studies were included and a very low percentage of patients (10%) from these studies had available relevant information. Thus, the possibility of information bias resulting from the higher proportion of missing information should be considered. Our study has some limitations. Recall bias is a potential limitation that is difficult to overcome in case-control studies. Another limitation is that we were unable to examine HPV infection as a risk factor or adjust for it to determine whether the association between cigarette smoking and alcohol consumption in oropharyngeal cancer according to sex could be related to HPV infection status.
The major strength of our study was the large sample size of young HNC patients and controls, which allowed us to explore heterogeneity in risk by sex and cancer subsite in more detail than previously performed. We also used data from older patients as a basis for comparison and found evidence for differences in HNC aetiology according to major risk factors. Our results support the public health efforts to decrease the exposure to major risk factors for HNC in the population regardless of age. However, investigations of the role of other risk factors, such as HPV and inherited characteristics, in HNC in this age group are warranted.
